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New	 tools	 for	 estimating	 people’s	 density	 and	 collecting	mobility	measurements	 from	mobile	
phone	traffic	analysis	have	been	introduced	and	studied	during	recent	years	by	research	centres	
and	private	companies.		
Compared	 to	 the	 traditional	methods	of	urban	surveys,	 the	use	of	 aggregated	and	anonymous	
mobile	phone	network	log	files	has	shown	promise	for	large‐scale	surveys	with	notably	smaller	
efforts	and	costs	(Reades,	Calabrese,	Sevtsuk	and	Ratti,	2007).	
Traditional	 data	 collection	 sources	 for	urban	planning	 are	mainly	 based	 on	 statistical	 surveys	





These	 measurements	 can	 be	 collected	 with	 little	 effort	 but	 they	 provide	 only	 localized	
information.	 Unfortunately,	 the	 extension	 or	 the	 modification	 of	 these	 types	 of	 instruments	
tends	to	be	expensive	due	to	the	cost	of	installation	and	maintenance	of	detectors.		
With	the	ubiquity	and	ever‐increasing	capabilities	of	mobile	devices,	 the	 localization	of	mobile	
phones	 could	 potentially	 become	 a	 powerful	 source	 to	 demonstrate	 fine	 grain	 over‐time	
variations	 in	 urban	movements,	which	 are	 lacking	 from	 traditional	 prediction	methods	 (Arai,	
2006;	Ratti,	Pulselli,	Williams,	Frenchman,	2006).		
Within	this	approach,	mobile	phone	users	can	be	considered	as	sensors	of	a	network,	distributed	
in	 the	 space,	who	 are	 able	 to	 provide	 information	 about	 forms	 and	modes	 of	 usage	 of	 urban	
spaces,	 that	 traditional	 data	 sources	 (like	 census,	 interviews	 or	 the	 deployment	 of	 sensor	
networks),	can	hardly	return,	being	extremely	expensive	and	scarcely	updated	and	updatable.	
Indeed,	many	authors	indicate	passive	and	anonymous	monitoring	of	mobile	phone	traffic	as	a	
valid	 alternative	 or	 complementary	 to	 traditional	 methods,	 these	 being	 able	 to	 resolve	 both	
traditional	survey's	limitations	of	latency	(mobile	network	information	can	be	easily	retrieved	in	
real	 time)	and	pervasivity	 (huge	diffusion	of	 	mobile	phones)	at	once.	 In	particular,	 the	use	of	
mobile	phone	traffic	data	shows	many	advantages:	
• large	data	samples,	proportional	to	the	high	penetration	rates	of	mobile	phones	in	modern	
societies,	 with	 many	 countries	 surpassing	 the	 90	 percent	 penetration	 rate	 (CIA	 World	
Factbook,	2009).	
• low	implementation	cost	and	the	need	for	no	additional	hardware;	
• monitoring	 of	 any	 covered	 area	 around	 an	 antenna,	 given	 the	 extent	 of	 mobile	 phone	
network	coverage;	
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• generation	of	data	almost	in	real	time;	






The	 possibility	 to	 establish	 a	 correlation	 between	 mobile	 telephone	 traffic	 and	 presence	 of	
people	in	an	urban	context	represents	a	relevant	and	necessary	condition	for	exploiting	mobile	
phone	 network	 data	 also	 for	 surveying	 the	 density	 of	 people's	 presence,	 which	 would	 be	
extremely	 useful	 for	 the	 implementation	 of	 policies	 concerning	 supply	 and	 services,	 that	 are	
more	effective	in	responding	to	different	needs.		
The	 paper	 presents	 the	 results	 of	 a	 research	 carried	 out	 using	 	 mobile	 phone	 network	 data,	
aimed	at	verifying	the	validity	of	telephone	traffic	data	in	describing	the	density	of	use	of	the	city	
and	its	spatial	differences	at	the	urban	block	scale.	







In	 the	 first	 step	 of	 our	 research,	 we	 focused	 on	 the	 reliability	 of	 Erlang	 data	with	 respect	 to	
traditional	 data	 sources.	 We	 therefore	 compared	 mobile	 phone	 data	 of	 the	 main	 cities	 of	
Lombardy	Region	 and	 their	 population	 dynamics1	 	 during	 a	 typical	weekday	 and	we	 found	 a	
strong	 correlation	 between	 these	 variables	 proving	 the	 potentialities	 of	 Erlang	 data	 for	
describing	the	variability	of	daily	changes	of	urban	population	at	the	municipality	scale.	
The	 second	 step	was	 the	analysis	of	mobile	phone	activity	 trends	 for	 selected	urban	districts,	
characterized	 by	 comparable	 and	 similar	 land‐use	 patterns	 of	 population	 and	 activities,	
densities	and	socio‐economical	profiles.		
Analyzing	 Erlang	 trends	 during	 a	 typical	week	 for	 each	 of	 these	 urban	 situations,	 the	 results	
show	 that	mobile	 phone	 activity	 patterns	 can	 provide	 useful	 information	 for	 interpreting	 the	
specific	 dynamics	 of	 different	 urban	 situations	 such	 as	 mono‐functional	 residential	 areas,	
railway	 stations,	 urban	 sprawl	 areas,	 social	 housing	 districts,	 university	 districts,	 industrial	
ambits.	





We	 mapped	 and	 interpreted	 the	 spatial	 configuration	 of	 mobile	 phone	 activity	 in	 order	 to	
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Further	analysis	 focused	on	 the	correlation	between	 the	 intensity	of	 telephone	calls	at	 certain	
times	 of	 the	 day	 with	 the	 spatial	 configuration	 of	 residents	 and	 workers	 in	 the	 Milan	 urban	
region.	The	outcomes	showed	that	telephone	traffic	data	could	effectively	help	to	represent	and	
to	 describe,	 dynamically	 over	 time,	 the	 intensity	 of	 activities	 and	 the	 presence	 of	 temporary	
populations	at	the	urban	scale.	
Because	of	its	spatial	and	temporal	resolution,	mobile	phone	data	constitute	an	interesting	and	
unique	source	of	 information	on	urban	uses.	 Indeed,	 if	we	consider	 	observed	and	aggregated	





Secondly,	 it	 explores	whether	mobile	 network	 data	 can	 reveal	 the	 significant	 time‐dependent	
variation,	which	 is	missing	 from	 traditional	 analysis	 and	 can	 thus	 describe	 cities	 dynamically	
over	time.		
A	 further	 conclusion	 is	 that	 urban	 planning	 competences,	 with	 specific	 knowledge	 on	 urban	
dynamics,	 are	 needed	 to	 correctly	 interpret	 mobile	 phone	 data	 and	 to	 characterize	 and	map	
urban	 contexts	 and	 their	 occupants,	 as	 emerged	 from	 interviews	with	 different	 stakeholders,	
belonging	to	private	and	public	sectors,	with	which	also	future	applications	have	been	discussed	





Emerging	 disciplines	 (mobile	 positioning,	 space‐time	 movement	 studies,	 life‐map	 geography)	
are	 involved	 in	 the	 analysis,	 visualization	 and	 interpretation	 of	 people's	 presence	 and	
movements	in	urban	spaces	through	mobile	phone	traffic.	
The	 technology	 for	 mobile	 phones	 geographic	 location	 and	 other	 hand‐held	 devices	 are	







These	 interdisciplinary	studies	 in	 the	 fields	of	urban	geography,	social	 studies,	 computing	and	
interaction	design	recognize	anonymous	and	passive	monitoring	telephone	traffic	as	a	valuable	
alternative	to	traditional	methods,	because	it	can	simultaneously	overcome	the	limitations	of	the	






Many	 indices	of	urban	quality	 can	be	developed	 from	passive	mobile	positioning	data	 (space‐
time	coordinates),	by	a	reliable,	quick	and	not	much	expensive	tool.	These	indices	can	be	useful	
both	 for	 spatial	 policies	 and	 for	 commercial	 evaluations	 of	 private	 actors	 (real	 estate,	
marketing).	
There	are	basically	 three	main	 types	of	survey	methodology,	emerging	 from	 literature	(Figure	
1):	
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• Individual	 traces	detected	with	 tracking	 technologies	 (such	as	GPS,	 SMS,	 ...)	of	 a	 sample,	
useful	to	study	the	mobility	behaviour	of	specific	groups	of	people;	
• Individual	 trajectories,	 previously	 anonymized	 and	 collected	 by	 mobile	 phone	 carriers,	
useful	to	study	geometric	patterns	of	individual	mobility,	without	geographical	references	
(Network	science);	
• Mapping	 geo‐referenced	 and	 aggregated	 mobile	 phone	 data	 useful,	 to	 study	 land	 use	






of	users.	Moreover,	problems	related	 to	 individual	privacy	raised	several	 ethical	questions	 for	
this	type	of	research.	
This	 technique	 is	 based	 on	 active	 mobile	 positioning	 (tracing)	 that	 occurs	 through	 a	 specific	
location	request,	both	as	network	based	positioning	and	as	handset	positioning	method.		
Instead,	 the	 use	 of	 aggregated	 data	 collected	 from	 the	 network	 (mainly	 cell	 towers)	 allows	
moving	 from	 the	 individual	 level,	 focusing	 the	 interest	 on	 the	 emergence	 of	 complex	 urban	






as	 time	 and	 space	 dependent	 variable.	 The	 scale	 of	 investigation	 widens	 and	 this	 type	 of	
synthetic	data	allows	the	representation	of	urban	density	also	through	the	mapping	in	real	time	
(named	soft	real‐time	because	the	data	are	usually	returned	with	a	delay	of	15	minutes).	
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Unlike	origin	destination	matrices	or	 individual	mobile	phone	 tracking,	 aggregate	data	do	not	
indicate	 where	 a	 caller	 comes	 from	 or	 goes	 to,	 but	 they	 simply	 estimate	 the	 amount	 of	 call	
volume	 in	a	given	network	cell	at	a	given	 time.	Although	we	 lose	 the	 traces	of	 the	origins	and	
















• The	 characteristics	 of	 aggregated	 and	 anonymous	 data	 do	 not	 infringe	 the	 privacy	 of	
mobile	phone	users;	
• The	 implementation	of	 integrated	solutions	 that	enhance	 the	 information	obtained	 from	
mobile	data,	combining	information	from	the	identification	code	of	the	telephone	prefixes	
for	 outgoing	 and	 incoming	 calls	 (ID	 of	 incoming	 and	 outgoing	 calls),	 but	 also	 on	 user	
profiles	(social	identification).	
	
Since	 locational	 data	 (GPS,	 A‐GPS,	 SMS)	 are	 becoming	 increasingly	 available	 and	 their	
applications	are	currently	a	hot	topic	 in	the	mobile	phone	 industry,	aggregated	 locational	data	
have	not	yet	been	widely	used	to	describe	urban	systems.		
Research	efforts	on	this	 topic	are	emerging:	 in	particular	on	the	mapping	of	 the	mobile	phone	
activity	 in	 cities	 or	 on	 the	 visualization	 of	 urban	 metabolism	 (Wolman,	 1965;	 Acebillo	 and	
Martinelli,	2012;	Brunner,	2007)	based	on	handsets’	movements.	
Because	our	research	 is	 focused	on	 the	analysis	of	aggregated	mobile	phone	data	provided	by	
Telecom	Italia,	the	studies	selected	from	the	bibliographical	review	are	referred	to	mobile	phone	
traffic	density	data	integrated	with	information	on	user	profiles	or	with	tracking	analysis	data.	
Using	 mobile	 phones	 as	 a	 device	 for	 monitoring	 urban	 practices	 shows	 that	 phone	 calls	 are	
closely	 related	 to	 population	 density	 in	 urban	 areas:	 the	 intensity	 of	 activity	 in	 a	 cell	 (the	
covered	 area	 around	 an	 antenna)	 is	 proportional	 to	 the	 presence	 of	 	 mobile	 phone	 users	
(Sevtsuk	and		Ratti,	2010;	Reades	et	al.,	2007;	Ratti	et	al.,	2006;	Ahas	and	Mark,	2005).	




The	 aim	 is	 to	 understand	 patterns	 of	 daily	 life	 in	 the	 city,	 using	 a	 variety	 of	 sensing	 systems	
(Erlang	measures	 as	 telecommunication	 traffic	 intensity,	 Location‐based	 data	 as	 GPS	 devices,	
wireless	sensor	network)	and	to	 illustrate	and	confirm	that	 there	are	significant	differences	 in	
the	urban	activity	distribution	at	different	hours,	days	and	weeks.	
Graphic	 representations	 of	 the	 intensity	 of	 urban	 activities	 and	 their	 evolution	 through	 space	
and	time,	based	on	the	geographical	mapping	of	mobile	phone	usage	at	different	times	of	the	day	
(Ratti	et	al.,	2006)	are	the	main	output	of	the	Mobile	Landscape	approach.	
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The	main	 question	 is	 how	 to	 correlate	 the	 Erlang	 trends	 ‐	 a	measure	 of	 the	 density	 of	 phone	
activities	‐	with	the	density	of	people.	
Because	the	data	can	be	used	to	map	different	urban	domains	and	their	occupants,	some	studies	
focused	 on	 integrating	 available	mobile	 phone	data	with	 traditional	 data	 sources	 and	 surveys	
(Pucci,	Tagliolato,	Manfredini,	2010;	Manfredini,	Pucci,	Tagliolato,	2012).		
The	aim	is	to	identify	a	relevant	correlation	between	mobile	phone	intensity	and	people	density	











Widenerg	 and	 Benitez,	 2007;	 Qiu	 and	 Cheng,	 2007;	 Fontaine	 and	 Smith,	 2005.	 In	 terms	 of	
volume	 data,	 the	 concept	 of	 using	 mobile	 phones	 as	 probes	 has	 been	 explored	 by	 various	
researchers	working	on	 simulated	 frameworks	 (Fontaine	 and	Smith,	2005),	 as	well	 as	 in	 field	






two	 cells.	 However,	 these	 studies	 concluded	 that	 accurate	 vehicle	 flows	 couldn’t	 be	 obtained	
directly	from	mobile	phone	data	due	to	the	characteristics	of	this	data	source.		
The	main	question	is	how	to	correlate	the	number	of	crossing	phones	with	the	real	number	of	
crossing	 vehicles.	 Volume	 data	 on	 inter‐cell	 boundaries	 provided	 by	mobile	 phones	 does	 not	
yield	 information	 on	 the	 complete	 set	 of	 vehicles	 crossing	 a	 boundary,	 but	 only	 a	 statistical	
sample	of	all	travelling	vehicles.		
According	to	these	findings,	more	accurate	estimates	for	the	number	of	vehicles	can	be	obtained	






the	 large	 number	 of	 situations	means	 that	 it	 is	 almost	 impossible	 to	 reach	 a	 conclusion	 on	 a	
purely	quantitative	basis	derived	solely	by	the	mobile	phone	data.	
This	 is	 particularly	 important	 if	 we	 want	 to	 use	 mobile	 phone	 data	 for	 urban	 investigations	
aimed	at	planning	the	provision	of	personal	services,	for	which	statistical	data	are	needed.		
Next,	 long	 term	 effects	 may	 diverge	 from	 short	 term	 effects,	 in	 particular	 because	 when	
individuals	gain	familiarity	with	these	technologies,	they	may	start	to	combine	them,	or	because	
the	equipment	 rate	 increases	and	 the	available	 functionalities	 change	 rapidly,	 as	has	been	 the	
case	 of	mobile	 phones.	Moreover,	 the	 correct	measurement	 scale	 is	 not	 necessary	 that	 of	 the	
individual.	
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2.1.	Some	possible	applications	
Although	 these	approaches	are	 experimental,	 some	experiences	 ‐	 often	 interdisciplinary	pilot‐
studies	‐	have	evaluated	the	impact	of	applications	of	mobile	phone	data	analysis,	especially	on	
urban	 and	 territorial	 marketing,	 mobility	 management,	 urban	 land‐use	 planning,	 tourism	
management	 and	 social	network	profiling.	These	 experiences	underline	 the	 following	benefits	
retrievable	from	mobile	phone	data:	
• Marketing	 and	 territorial	 management	 applications	 (Positium	 LBS	 ;	 www.positium.ee;	
Ülar	Mark,	Heikki	Kalle,	Rein	Ahas),		
• Real‐time	 views	 of	 people	 fluxes	 in	 urban	 areas	 (Mobile	 Scape	 Graz,	 2005,	 Real	 Time	
Rome,	2006;	Wiki	City	Rome,	2007)	and	views	of	 traffic	 flows	of	 IP	mobile	phone	traffic	
(Senseable	 City	 Lab;	 http://senseable.mit.edu;	 Carlo	 Ratti);	 Current	 City	
(http://currentcity.org;	 Euro	 Beinat,	 Assaf	 Biderman,	 Francesco	 Calabrese,	 Filippo	 Dal	
Fiore,	Carlo	Ratti,	Andrea	Vaccari);	





tracks	 for	 localizing	 people	 (social	 navigation)	 (Sense	 Networks;	
http://www.sensenetworks.com;	Greg	Skibiski,	Alex	Pentland);	
• Passive	location	of	mobile	users	in	the	interior	spaces,	through	a	radio	frequency	detection	
system	 installed	 at	 the	 sites	 and	 to	provide	marketing	 surveys	 for	 the	 location	of	 shops	
and	advertising	(Path	Intelligence;	http://www.pathintelligence.com);	
• Environmental	 data	 collection	 from	 digital	 traces	 to	 study	 the	 practices	 of	 social	





Starting	 from	 the	need	 to	 verify	direct	 correlation	between	mobile	phone	data	 and	density	 of	







• Describing	 the	 intensity	 of	 the	 use	 of	 the	 city	 (during	 the	 day,	 weekdays	 /	 holidays,	
seasons)	 linked	 to	 the	 differences	 in	 the	 urban	 activities	 distribution	 at	 different	 hours,	
days	and	weeks,	as	a	tool	to	define	urban	policies	oriented	toward	the	offer	of	services	for	
the	individual	behaviours;	
• Managing	 large	 and	 special	 events	 (inflow,	 outflow,	 monitoring),	 also	 estimating	
population	density;	
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In	the	present	case,	the	data	represent	the	telephone	traffic	density	every	15	minutes	and	was	
supplied	by	Telecom	Italia	in	a	spatialized	form.	From	the	telephone	traffic	recorded	by	each	cell	
of	 the	 network,	 Telecom	 Italia	 distributed	 the	 measurements,	 by	 means	 of	 weighted	




of	 the	 absolute	 mobile	 phone	 traffic	 in	 one	 pixel	 at	 a	 certain	 moment.	 We	 are	 interested	 in	




a	 set	 of	 pixels	 (i.e.	 a	 spatial	 region)	 at	 a	 certain	moment,	we	will	 take	 into	 account	 the	 ratio	
between	the	Erlang	of	traffic	in	those	pixels	and	the	total	amount	of	traffic,	at	that	same	moment,		
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The	data	are	characterized	by	a	high	spatial	and	temporal	resolution	and	they	show	the	intensity	












This	 comparison	 aimed	 at	 the	 evaluation	 of	 possible	 correlations	 between	 the	 variability	 of	
mobile	network	calls'	 intensity	and	the	variability	of	urban	activities	at	 two	scales:	macro	and	
micro	scales.	
At	 the	macro	 scale,	we	 explored	whether	 the	mobile	 phone	 data	 in	Erlang	 (aggregated	 in	 the	
main	cities	of	the	Lombardy	Region)	are	correlated	with	the	variation	of	density	of	people	at	a	
rate	of	60	minutes	 in	 the	same	cities.	The	 time	series	of	people's	density	 in	Lombardy	Region	
was	 obtained	 by	 an	 elaboration	 of	 a	 traditional	 database,	 the	 Origin‐Destination	 matrix	 (see	
section	 4.1),	with	 difficult	 updating,	 leading	 to	 an	 estimate	 of	 the	 population	 reported	 in	 any	
municipality	in	any	hour	of	a	typical	weekday.		











the	 Erlang	 trends.	 At	 the	 same	 scale	we	 examined	 also	 the	 variabilities	 of	 density	 before	 and	
during	 a	 special	 event	 like	 the	 "Salone	 del	Mobile	 ‐	 International	 Design	Week"	 in	Milan	 city	
town.	
For	both	 scales	of	 analysis,	 statistical	 correlations	between	Erlang	and	 (few)	 comparable	data	
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4.1	The	macro	scale	analysis.	Mobile	phone	activity:	an	indicator	of	people	
presence?	
In	 the	 macro	 scale	 analysis,	 we	 tested	 the	 hypothesis	 that	 a	 proportionality	 between	 the	
changeability	 of	 the	 cell	 phone	 activity	 and	 the	 variability	 of	 the	 present	 population	 in	 one	
typical	weekday	exists.		
This	part	of	the	work	was	intended	as	a	first	evaluation	of	nature	of	the	data	at	our	disposal.	We	
were	 inclined	to	believe,	 in	accordance	with	other,	already	cited,	works,	 that	Erlang	data	were	
able	 to	 describe	 the	 variability	 of	 people’s	 density	 in	 space	 and	 time,	 but	we	wanted	 to	 trace	
some	 more	 precise	 limit	 of	 this	 capacity,	 and	 we	 tried	 to	 do	 it,	 at	 a	 certain	 degree,	 in	 a	
quantitative	way.		
We	were	prepared	to	weak	results,	 that	 is	 to	obtain	a	very	 low	upper	bound	for	 the	 limits	we	
tried	to	outline.	




sake	 of	 comparison	 we	 considered	 as	 a	 benchmark	 an	 elaboration	 of	 the	 Lombardy	 Region	
Origin‐Destination	matrix	(2002),	which	consists	of	a	set	of	time‐series	of	people's	presence	in	
the	region,	one	for	each	municipality,	with	a	rate	of	1	hour.		
The	 Origin	 –	 Destination	 Survey	 provides	 information	 on	 the	 population	 movements	 for	 the	
whole	Lombardy	Region	during	 	a	working	day	 in	 the	2002	year.	 In	particular,	 the	 region	has	
been	 divided	 in	 1456	 zones,	 corresponding	 to	 the	 administrative	 municipalities	 or	 to	 their	




updated	 available	 sources	 and	 a	 unique	 source	 (Istat,	 2001)	 for	 the	 Lombardy	Region	 overall	
population.	
This	 survey	 provides	 information	 on	 daily	 mobility	 of	 Lombardy	 Region	 residents	 during	 24	
hours	of	a	typical	working	day,	for	whatever	reason.	In	fact	the	reasons	why	people	move	daily	
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basis	 situations	 where	 the	 resident	 population	 decreases	 or	 where	 the	 present	 population	 is	
higher	than	the	resident	population.	
We	evaluated	the	correlations	between	mobile	phone	traffic6	and	people's	presence,	taking	into	
















BERGAMO	 0.82	 0.92	 0.94	
BRESCIA	 0.85	 0.94	 0.97	
COMO	 0.67	 0.90	 0.93	
CREMONA	 0.78	 0.97	 0.99	
LECCO	 0.76	 0.89	 0.92	
LODI	 0.83	 0.93	 0.98	
MANTOVA	 0.48	 0.77	 0.94	
MILANO	 ‐0.27	 0.45	 0.88	
MONZA	 ‐0.32	 0.94	 0.98	
PAVIA	 0.29	 0.84	 0.87	
SONDRIO	 0.74	 0.86	 0.92	
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Given	the	municipalities	 in	 the	first	column,	 the	second	column	contains	the	Pearson's	
correlation	coefficient7	()	of	the	original	time‐series.	In	the	third	column	the	correlation	
is	calculated	on	a	smoothing	of	the	original	series	(moving	average	of	three	terms:	past,	
present,	 future8).	 In	 the	 fourth	 column	 the	 same	 smoothing	 was	 considered,	 but	
restricting	the	series	to	the	time	range	from	7:00	to	23:00,	where	the	denominator	of	the	
telephonic	series,	 the	Erlang	 for	 the	whole	region,	 is	more	continuous	 than	during	 the	
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Figure	4‐	Plot	of	the	time‐series	for	two	limit	cases:	the	municipalities	of	Milan	(top)	and	Sondrio	(bottom).	





taken	 for	 the	comparison.	As	was	said,	we	 took	 into	account,	as	a	benchmark,	 the	presence	of	
people	derived	from	the	origin‐destination	matrix	of	Lombardy	Region.	
The	 advantage	 of	 this	 choice	 is	 that	 the	 two	 datasets	 have	 corresponding	 time‐spatial	
granularity.	The	disadvantage	is	the	fact	that	they	concern	two	very	different	periods	(2002	vs	
2009).	 In	 this	 sense	 we	 must	 highlight	 that	 the	 restriction	 of	 the	 analysis	 to	 the	 provincial	
capitals	plays	a	key	role	in	the	experiment.	In	fact	the	observed	features	in	these	territories	are	
stable	enough,	with	respect	to	time,	to	make	the	comparison	possible	even	with	this	time‐lapse.	
On	 the	 contrary,	 if	 we	 extend	 the	 analysis	 to	 minor	 municipalities,	 we	 encounter	 different	





problem	 inside	 out,	 testing	 whether	 the	 comparison	 of	 actual	 telephonic	 data	 with	 older	
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4.2	The	micro	scale	analysis	and	its	relevance	to	spatial	analysis		
	








The	 tests	 carried	out	have	allowed	us	 to	verify	 that,	 for	different	urban	context	 types,	 specific	
traffic	 curves	 correspond,	 and	 the	 variability	 in	 behaviors	 among	 different	 hours	 of	 the	 day,	
including	 weekdays	 and	 holidays	 within	 the	 same	 urban	 context	 type,	 corresponds.	 The	
comparison	with	demographic	 and	 socio‐economic	data	has	 allowed	 then	 to	 analyze	 even	 the	
"anomalies"	in	the	Erlang	curves,	recorded	in	the	urban	districts	of	the	same	urban	context	type	
and	 to	 recognize	 the	 significant	 socio‐economic	 indicators	 useful	 inexplaining	 the	 correlation	
between	statistical	data	and	telephone	trends.	
We	 chose	 then	 a	 set	 of	 urban	districts	 of	 each	urban	 context	 type,	 and	we	 studied	 the	Erlang	
trends	 of	 these	 examples,	 in	 order	 to	 check	 for	 analogies	 in	 the	 cell	 phone	 activity	 of	 similar	
urban	districts	 in	term	of	density	and	 land‐use	patterns.	The	aim	is	 to	 identify,	 for	each	urban	
pattern,	typical	Erlang	trends	for	a	functional	clustering	of	the	region.	
The	first	step	of	this	analysis	was	to	elaborate	the	typical	daily	curves	(Figure	5)	of	mobile	phone	
activity	 (Erlang	 from	 January	 to	October	 2009)	 to	 verify	 if	 urban	 districts	with	 similar	 socio‐




• Homogeneous	 cell	 phone	 traffic	 trends	 within	 the	 majority	 of	 the	 considered	 urban	
context	 types	 (in	 particular	within	 the	 industrial	 ambits,	 type	 5,	 and	 the	 social	 housing	
districts,	type	7);	
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These	 situations	 (different	 mobile	 phone	 traffic	 trends	 in	 similar	 urban	 context	 types)	 were	




different	profile	and	role	played	by	each	station	 for	 the	 local	passenger	 traffic	 in	 the	Milanese	
Region.	
Considering,	as	an	example,	two	different	profiles	of	stations	as	Milan	Central	Station	–	the	main	
station	 for	national	and	 international	 railway	connections	 ‐	 and	Milan	Cadorna,	 the	commuter	
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what	concerns	 the	other	stations	 the	distribution	of	 telephone	 traffic	 is	more	regular	and	 it	 is	
characterized	by	a	greater	intensity	in	weekdays	than	in	holidays.		
For	 the	 areas	 of	 urban	 sprawl	 (Figure	 8),	 characterized	 by	 a	 strong	 functional	 specialization	
(residency),	 often	 accompanied	 by	 few	 or	 no	 services	 and	 by	 a	 standardized	 time	 of	 use,	 the	
comparison	 of	 the	 Erlang	 data	 between	weekdays	 and	 holidays	 shows	 different	 behaviors	 of	
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In	 the	 Sunday	 curves	higher	 values	 of	 cell	 phone	 traffic	 are	 found,	 distributed	 fairly	 regularly	
throughout	 the	 day,	 although	 not	 related	 to	 the	 density	 of	 settlement.	 In	 fact,	 from	 the	
comparison	between	Erlang	and	statistical	data12,	we	can	notice	two	interesting	and	”extreme”	
situations.		




percentage	 of	 the	 population	 under	 14	 years	 ,	 compared	 to	 residents	 over	 55	 years	 under‐
represented.	 The	 commuters	 flow	 data	 (working	 out)	 are	 the	 most	 significant	 among	 the	
considered	areas	(79.7%	of	all	trips	are	out	of	the	district).	
The	 opposite	 situation	 ‐	 Cerro	 ‐	 is	 represented	 by	 the	 highest	 residential	 density	 in	 the	










• to	 propose	 a	 land‐use	 classification,	 at	 the	 large	 scale,	 starting	 from	 the	 same	 kind	 of	
Erlang	 curves	 as	 a	 “signature”	 of	 each	 urban	 context	 type,	 chosen	 from	 the	 specific	
functional	 profile;	 in	 this	 case,	 since	 the	 mobile	 phone	 data	 would	 allow	 a	 functional	
description	of	the	space,	without	the	burden	of	a	direct	survey;		
• to	experiment	a	spatial	clustering	of	Erlang	data,	finalized	to	identify	some	urban	contexts	




4.2.1.	An	 international	 event	 transforming	 the	use	 of	 the	 city	 :	 the	Milan	 International	
Design	Week	
	







DAStU Working Papers | Mobile phone data for mapping urban dynamics 
 






Politecnico di Milano  




Using	 Erlang	 data	 we	 made	 different	 elaborations	 for	 the	 period	 of	 the	 Milan	 International	
Design	Week,	 aimed	 at	 mapping	 the	 spatial	 configuration	 of	 mobile	 phone	 traffic	 during	 the	
event	 and	 aimed	 at	 identifying	 which	 parts	 of	 the	 city	 show	 a	 significant	 concentration	 of	
activity,	comparing	the	days	when	the	event	occurred	with	events‐free	days.		

















scale,	 the	regional	effects	of	an	event	 that	does	not	end	within	 the	perimeter	of	 the	Exhibition	
District,	but	rather	affects	significant	portions	of	the	urban	region.		
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the	 San	 Siro	 stadium	 (box	 4)	 enlightens	 because	 of	 the	 major	 soccer	 league	 match	 between	
Inter‐Juventus,	 which	 was	 held	 that	 day.	 The	 city	 centre,	 together	 with	 other	 districts,	 is	
therefore	subject	to	major	transformation	in	the	manner	and	time	of	use.	
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Figure	11	‐	Variability	of	cell	phone	traffic	(Erlang)	normalized	by	the	total	Lombardy	value	at	the	








Further	synthetic	 representations	concerning	 the	2009	 International	Design	Week,	 focused	on	
the	relationship	between	mobile	phone	activities	during	different	days	(Figure	12:	ratio	between	
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the	 city	where	 the	 activity,	 during	 the	 International	Design	Week	 (April	 24),	was	 greater	 than	 during	 a	
typical	ferial	day	(April	29).	
	
Although	some	caution	 is	needed	 in	 the	 interpretation,	 the	maps	confirmed	a	 correspondence	
between	the	variability	of	cell	phone	traffic	and	the	distribution	of	activities	and	initiatives	in	the	
area.	
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These	 data	 can	 therefore	 help	 to	 build	 a	 descriptive	 and	 an	 interpretative	 model	 of	 events	
through	 the	 analysis	 and	 mapping	 of	 cell	 phone	 traffic	 matrices.	 This	 model	 can	 take	 into	
account	what	happens	when	the	event	occurs,	even	in	real	time,	comparing	it	to	typical	spatial	
patterns.	








Further	 investigation	 focused	 on	 the	 correlation	 between	 the	 intensity	 of	 telephone	 calls	 at	
certain	 times	 of	 the	 day	with	 the	 spatial	 configuration	 of	 residents	 and	workers	 in	 the	Milan	
area.	
With	the	aim	to	correlate	traditional	indicators,	typically	used	in	urban	studies,	with	cell	phone	
traffic	 data,	 we	 calculated	 two	 simple	 indicators	 related	 to	 population	 density	 (residents	 per	
square	 km)	 and	 to	 employees	 density	 (employees	 per	 square	 km).	 These	 indicators,	 although	
are	 dated	 as	 they	 relate	 to	 the	 year	 2001,	 represent	 the	 variability	 of	 the	 concentration	 of	
population	and	activities	as	it	can	be	drawn	from	traditional	data	sources	(Italian	Census).	
The	correlation	matrix	was	 then	calculated	on	an	hourly	basis,	 for	April	 29	2009,	 considering	
two	 different	 geographical	 areas:	 a	 large	 area,	which	 includes	Milan,	 the	 Rho‐Pero	 exhibition	
district	and	the	first	ring	of	municipalities	around	Milan	and	a	restricted	area	that	coincides	with	
the	centre	of	Milan.	
The	 results	 are	 shown	 in	Table	 2	 and	 in	 Figure	 14.	During	 the	working	hours,	 approximately	
from	8:00	 to	20:00,	 the	 correlation	between	cell	phone	 traffic	 and	employees	density	 is	much	
higher	 than	 that	 with	 population	 density.	 The	 trend	 highlights	 a	 rapid	 increase	 since	 early	
morning	 until	 it	 reaches	 the	 maximum	 (0.51)	 around	 h.	 12:00.	 On	 the	 contrary,	 focusing	 on	
population	 density,	 we	 observe	 a	 weak	 decrease	 of	 the	 correlation,	 after	 h.	 8:00	 and	 a	




















00:00	 0.35	 0.28	 0.15	 0.12	
01:00	 0.30	 0.27	 0.13	 0.14	
02:00	 0.19	 0.16	 0.10	 0.06	
03:00	 0.12	 0.12	 0.08	 0.09	
04:00	 0.10	 0.06	 0.07	 ‐0.03	
05:00	 0.07	 0.05	 0.04	 ‐0.03	
06:00	 0.10	 0.10	 0.00	 0.01	
07:00	 0.26	 0.28	 0.00	 0.15	
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08:00	 0.31	 0.40	 0.01	 0.29	
09:00	 0.29	 0.46	 ‐0.02	 0.36	
10:00	 0.28	 0.48	 ‐0.03	 0.39	
11:00	 0.27	 0.50	 ‐0.03	 0.42	
12:00	 0.27	 0.51	 ‐0.04	 0.44	
13:00	 0.27	 0.51	 ‐0.04	 0.44	
14:00	 0.27	 0.51	 ‐0.03	 0.44	
15:00	 0.29	 0.50	 ‐0.01	 0.42	
16:00	 0.29	 0.49	 ‐0.01	 0.41	
17:00	 0.30	 0.47	 0.01	 0.38	
18:00	 0.32	 0.45	 0.03	 0.35	
19:00	 0.35	 0.42	 0.07	 0.30	
20:00	 0.38	 0.40	 0.11	 0.27	
21:00	 0.42	 0.33	 0.19	 0.17	
22:00	 0.41	 0.32	 0.17	 0.15	
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it	achieves	values	over	0.4.	The	Milan	core	city	area	is	characterized	by	a	distribution	of	activities	
and	attractors	 (i.e.	 shops,	museums,	 tourist	sites,	and	workplaces),	 that	cannot	be	detected	by	
the	employees	density	indicator.	






















variation	 that	 is	missing	 from	 traditional	 analysis	 and	 could	 thus	 describe	 cities	 dynamically	
over	 time.	 If	 we	 consider	 the	 observed	 and	 aggregated	 telephone	 traffic	 as	 the	 result	 of	
individual	 behaviours	 and	 habits,	 we	 conclude	 that	 mobile	 phone	 data	 can	 provide	 useful	





diffusion	 of	 communication	 tools	 and	 the	 physical	 mobility	 of	 individuals	 in	 the	 fields	 of	
transportation	economy,	geography	and	sociology.	




provide	 information	 about	 the	 users	 and	 to	 develop	 commercial	 applications14.	 The	 review	
demonstrates	that	the	majority	of	 this	works	 is	concerned	with	explorative	empirical	research	
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and	 inserted	 into	 a	 urban	 information	 system,	 can	 help	 to	 provide	 knowledge	 on	 new	 urban	
dynamics.	
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